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Abstract
There is growing optimism about the prospects for large natural gas reserves in shale formations. This paper explores 
the feasibility vis-à-vis coal power generation of a new approach for decarbonized natural gas power generation.  Key 
features of process designs examined here are co-production of synthetic transportation fuels with electricity and co-
feeding of some biomass with natural gas in such co-production systems. Key questions addressed in the analysis of 
these systems are: 1) can the competitiveness of natural gas in economic dispatch be improved vis-à-vis a natural gas 
combined cycle, and 2) can the GHG emissions price needed to induce CCS for natural gas power generation be 
reduced from that required to induce CCS for NGCC. We find that gas/biomass co-production systems with CCS will 
be able to defend high capacity factors in economic dispatch at projected oil prices with only modest GHG emission 
prices.  We also find that the breakeven GHG emission price needed to induce CCS for natural gas power generation is 
reduced considerably vis-à-vis NGCC-CCS.
© 2010 Elsevier Ltd. All rights reserved
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1. Introduction 
There is growing optimism about the prospects for large natural gas reserves in shale formations [1]. This paper 
explores a new approach by which gas-based power generation might displace coal power as part of a broader GHG 
emissions mitigation strategy.
Our previous modelling of future power generators (see Fig. 1 for results and feedstock price assumptions) suggests 
that new natural gas combined cycle power plants that vent their CO2 (NGCC-V), when operated as baseload generators 
at a design capacity factor or 85%, will have a lower levelized cost of electricity (LCOE) than new conventional 
supercritical pulverized coal plants (PC-V) at all GHG emissions prices. The GHG emission rate for NGCC-V is about 
half of that for PC-V.  Since emission reductions of 80% or more may be required in industrialized countries by 2050,
e.g., as in proposed legislation in the United States [2], power from natural gas would need to be decarbonized as well 
as that from coal. A baseload NGCC with CO2 capture and storage (NGCC-CCS) can also provide a lower LCOE @ 
85% capacity factor than a new decarbonized coal plant, either a PC-CCS or an integrated gasification combined cycle 
with CCS (IGCC-CCS), but the GHG emissions price required to induce CCS in NGCC is quite high: about $90/tCO2eq
(Figure 1). Such a high price seems unlikely within the timeframe in which 80% emissions reduction is needed.2
1
Corresponding author. E-mail address: liugj@ncepu.edu.cn.
2 The US Environmental Protection [3] carried out a detailed analysis of the implications for the US of enacting climate legislation, 
namely the American Power Act (introduced in the US Senate in 2010) and the American Clean Energy and Security Act of 2009 
(passed in the House of Representatives). They estimate that if the American Power Act were to be enacted, the market clearing price 
for the sale of emission allowances (in effect, the market price of GHG emissions) would rise at a rate of 5% per year from $17/t in 
2013 to $102/t in 2050 (in $2005). For this price trajectory the 20-year levelized GHG price for power plants coming on line in 2026,
assuming a 7% discount rate, would be $50/t CO2eq (in $2007).
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The cost comparisons in the previous paragraph assume a baseload capacity factor of 85% for all plants. In reality, a
power plant’s capacity factor is determined by its ability to compete in economic dispatch. A plant’s minimum dispatch 
cost (MDC), i.e., the minimum selling price below which the economically prudent course is to shut down, is equal to 
its running costs (fuel plus variable O&M). At our assumed gas price of 6.35 $/GJ HHV, the MDC for NGCC-V is not 
competitive with that for any coal technology without some GHG emission price. To be competitive with a PC-V plant, 
NGCC-V requires a GHG emission price of at least $60/tCO2eq (Figure 2). The high cost of natural gas is the main 
cause of high MDCs and the relatively low average capacity factors observed for gas plants: in 2008, the average 
capacity factor for gas plants in the U.S. was 41%.[4]  With such a capacity factor, a carbon price of at least $50/tCO2eq
is needed for NGCC-V to compete with PC-V on a LCOE basis (Figure 1), and the price needed to induce a shift from 
NGCC-V to NGCC-CCS (with 40% CF) is $148/tCO2eq.
The key questions we address in this paper are whether it is feasible to: 1) increase the competitiveness of natural gas 
in economic dispatch, and 2) decrease the GHG emissions price needed to induce CCS with natural gas. The approaches 
we examine are: 1) making a synthetic transportation fuel co-product along with electricity, and 2) co-processing some 
biomass with natural gas in co-production facilities. 
We are motivated by our prior work [5-7] on coal/biomass co-feed systems producing electricity and Fischer-Tropsch 
liquid (FTL) fuels with CCS. A key design feature of those systems was that the synthesis gas derived from coal plus 
biomass is passed only once through (OT) the FT synthesis reactor, with unconverted syngas used to fuel a combined 
cycle power island, and heat from the exothermic synthesis reactions recovered to boost electricity output. We found 
that these CBTL-OT-CCS plants, when viewed as electricity generators, have 1) CO2 capture costs lower than for stand-
alone power plants, 2) efficiencies of producing electricity (which we define in terms of a marginal electricity 
generating efficiency [1
Figure 1
]) higher than for stand-alone power plants, 3) significant credits for sale of FTL coproducts,
especially at high crude oil prices, and 4) zero lifecycle GHG emissions for both fuel and electricity when fuelled with a
sufficient fraction of biomass (39.6% of input energy, HHV basis). As a result, their LCOE are competitive with other 
coal plants at a GHG emission price of about $40/tCO2eq when the oil price is at about today’s level, 70 $/bbl ( ). 
An oil price of $100/bbl dramatically reduces the GHG emission price needed for CBTL-OT-CCS to outcompete other 
greenfield technologies. In economic dispatch, CBTL-OT-CCS plants will outcompete stand-alone gas or coal-fired 
plants with no GHG emission price when oil is $60/bbl or more (Figure 2).
2. Process designs and simulation results
Two designs for co-production of electricity and FTL from a co-feed of natural gas and biomass are developed,3
3 Composition of switchgrass biomass is from Liu, et al [8]. Natural gas composition (wt. %) is 93.9% methane, 3.2% ethane, 0.4%
n-butane, 1% CO2, and 0.8% N2. Higher and lower heating values are 52.97 and 47.76 MJ/kg.
both 
using once-through synthesis, one with CO2 venting and one with CO2 capture (GBTL-OT-V and GBTL-OT-CCS). For 
comparison, we also construct gas-only systems with the same basic plant design (GTL-OT-V and GTL-OT-CCS) as 
well as configurations that maximize FTL production from gas by recycling (RC) unconverted syngas back to the 
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Figure 1. Levelized cost of electricity generation (2007$) vs. GHG 
emissions price. Performance and cost estimates are based on 
NETL [2
Figure 2. MDCs (2007$) for alternative power systems.  For 
CBTL-OT-CCS, sale of FTL co-product is a credit against 
electricity production cost. For oil prices higher than about 
$70/bbl the MDC for CBTL-OT-CCS is negative at any GHG 
emission price.   
] (see Appendix), except for CBTL-OT-CCS [8]. Gas, coal 
and biomass prices are $6.35, $1.86, and $5 per GJHHV (Table 3).  
Oil prices of $75/bbl and $100/bbl are discussed in Section 3.
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synthesis reactor (GTL-RC-V and GTL-RC-CCS).  However, we emphasize here OT designs because they produce 
enough electricity to be considered power generators.
In the GTL-OT-CCS plant (Figure 3a), natural gas pressurized to 35 bar is preheated, mixed with steam and oxidant 
(94.3% O2) from a dedicated cryogenic air separation unit, and sent to an autothermal reformer (ATR). The input O2/C 
ratio to the ATR is 0.56 to ensure an an exit temperature below 1100oC, and the H2O/C ratio is 0.65 to avoid soot 
formation. Some CO2 recovered from downstream is used to adjust the molar H2/CO ratio leaving the ATR to 2:1, as 
required for FT synthesis over a cobalt catalyst. Leaving the ATR, the syngas is cooled in preparation for CO2 removal 
in a Rectisol unit. CO2 not needed for the ATR is pressurized to 150 bar for pipeline transport to underground storage
(or vented in the GTL-OT-V design). The slurry-phase FT reactor operates at about 232oC and 30 bar, with an assumed 
single-pass CO conversion of 56%. The FT island includes a refinery where the raw FT products are upgraded to 
finished gasoline and diesel blendstocks in a ratio of 67:33 (LHV basis). In the design with CCS, the unconverted 
syngas and light off-gases generated in the FT island are compressed and sent to a 2-stage water gas shift (WGS) and 
CO2 removal column (not shown in Fig. 3a). The upstream and downstream CO2 removal steps share a Rectisol solvent 
regeneration column. The resulting H2-rich gas is sent to the combined cycle power island that supplies all on-site 
power needs plus a significant amount of export power. 
In the GTL-RC designs (not shown), most of the unconverted syngas and light gases generated in the FT island are 
compressed and recycled back to the ATR. A purge stream precludes the build up of inert gases in the recycle loop and 
provides boiler fuel for a steam Rankine power island, which generates a small amount of export electricity after 
satisfying the power requirements of the facility.
In the GBTL-OT-CCS design (Figure 3b), biomass arrives at the plant gate with 15% moisture, low enough to 
obviate the need for further drying prior to gasification. After preparation and lock-hopper feeding, the biomass is 
gasified in an oxygen-blown fluidized-bed unit operating at 816oC and 30 bar [8]. The hot syngas is delivered to the 
ATR, which cracks into light gases the heavy hydrocarbons formed in the gasifier and also reforms the natural gas 
input. Because of the high C/H ratio of biomass syngas, recycle of CO2 to the ATR (as done in the GTL-OT-CCS 
design) is not required, and the H2/CO ratio after the ATR is 1.5:1. It is adjusted to 2:1 before the FT synthesis reactor 
by sending a small portion of the H2 generated from unconverted syngas and light off-gases in the FT refining area. The 
balance of the H2 is used in refining the raw FT liquids. The process design downstream of the ATR is otherwise 
identical to the GTL-OT-CCS design.
2.1. Mass and energy balance results
We have developed detailed mass, energy, and carbon balance simulations using Aspen Plus® software, with the 
natural gas input rate fixed for all designs. We assume that plants processing biomass will utilize less than one million 
dry tonnes per year, which appears to be a plausible maximum delivery rate in the Midwestern United States [7].
Table 1 summarizes our process simulation results. The GTL-RC designs provides the highest overall efficiency, 
with the GTL-RC–CCS design incurring only a small penalty from CO2 compression. The GTL-OT designs are less 
efficient than their GTL–RC counterparts largely because syngas conversion to liquids is intrinsically more efficient 
than syngas conversion to electricity in a combined cycle. The penalty for CCS with the GTL-OT designs is larger than 
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for the RC designs due to the added inefficiencies of the downstream water gas shift and the much larger amount of 
CO2 captured and compressed for storage. However, only modest efficiency penalties are observed in going from the 
GTL-OT to the GBTL-OT designs, and the GBTL-OT-CCS case captures the greatest amount of carbon because of the 
high carbon content per GJ of the biomass.
To estimate lifecycle GHG emissions, we combine the emissions at the facility (Table 1) with those associated with 
feedstock production and delivery upstream of the plant and with fuel delivery and combustion downstream of the 
plant. Combustion emissions are based on the carbon content of the fuel, and emissions from other processes outside of 
the plant gate are based on the GREET model [3
Table 1. Performance simulation results.
]. CO2 absorbed by the biomass during photosynthesis (equal to the 
carbon in the biomass) is counted as a negative emission.
  GTL-RC-V GTL-RC-CCS GTL-OT-V GTL-OT-CCS GBTL-OT-V GBTL-OT-CCS 
Input capacities       
Natural gas, metric t/d (MWHHV) 1,797 (1,102) 1,797 (1,102) 1,797 (1,102) 1,797 (1,102) 1,797 (1,102) 1,797 (1,102) 
Biomass, as-received mt/day (MWHHV) 0 0 0 0 3,089 (570) 3,089 (570) 
Biomass % of total input, HHV basis 0 0 0 0 34.1% 34.1% 
Output capacities             
Synthetic diesel + gasoline, MW LHVa 
(bbl/d crude oil products displaced) 
556 
(8,760) 
556 
(8,760) 
311 
(4,894) 
311 
(4,894) 
534 
(8,412) 
534 
(8,412) 
Gross electricity production, MW 112 109 331 308 417 371 
Net electricity exports, MW 65 59 272 235 332 259 
ENERGY RATIOS (HHV basis)             
Liquid fuels out /Energy in 54.3% 54.3% 30.3% 30.2% 34.4% 34.4% 
Net electricity/Energy in 5.9% 5.3% 24.6% 21.3% 19.8% 15.5% 
Fuels + electricity/Energy in 60.2% 59.6% 55.0% 51.5% 54.2% 49.9% 
C input as feedstock, kgC/sec 15 15 15 15 30 30 
C stored as CO2, % of feedstock C 0 17 0 45 0 51.7 
C in unburned char, % of feedstock C 0 0 0 0 1.4 1.4 
C vented, % of feedstock C 30.7 13.5 61.3 15.9 64.0 12.4 
C in FTL, % of feedstock C 69.3 69.3 38.7 38.7 34.5 34.5 
C stored, 106 tCO2/yrb 0.0 0.3 0.0 0.7 0.0 1.6 
(a) Liquids output mix (lower heating value basis): 67% diesel, 33% gasoline.
(b) With plant operating at 90% capacity factor. 
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Figure 4 shows lifecycle carbon flows for the GBTL-OT-CCS system, in which biomass accounts for 34% of the 
input feedstock energy (on a higher heating value basis), including carbon-equivalent GHG emission flows associated 
with activities upstream and downstream of the conversion facility [8]. For this system the gross flow rate of equivalent 
carbon to the atmosphere is 1503 tonnes per day, which is offset by 1233 t/d of carbon extracted from the atmosphere 
by biomass growth, so that the net equivalent carbon flow to the atmosphere is 270 t/d, equivalent to 17% of the carbon 
associated with the natural gas used in the system.
2.2. GHG emissions results
To facilitate comparisons of greenhouse gas emissions mitigation among systems that produce multiple products, we 
introduce two metrics: 1) greenhouse gas emissions index (GHGI), and 2) greenhouse gas emissions avoided (GHGA);
these indicate the depth and breadth of mitigation, respectively.
GHGI is defined as the lifecycle GHG (LGHG) emissions for the system divided by the LGHG emissions associated 
with production and use of an energy-equivalent amount of fossil fuel-derived products displaced (LHV basis). We 
assume the latter are petroleum-derived diesel and 
gasoline and electricity generated by a new supercritical 
pulverized coal plant that vents CO2 (PC-V). The 
GHGA is defined as the LGHG emissions for the 
displaced fossil fuels minus the LGHG emissions for the 
energy products, or GHGA = (1 – GHGI)*(LGHG 
emissions for the displaced fossil fuels). In this paper 
GHGA is reported in kg CO2eq per MWh of electricity 
generated. The GHGI and GHGA metrics are useful in 
that they do not require any allocation of emissions to 
different products. 
Figure 5 shows GHGI and GHGA for the 6 systems 
described here, along with values for NGCC-V and 
NGCC-CCS (see appendix) and for a CBTL-OT-CCS 
design developed earlier [8]. All systems have GHGI 
values less than unity, i.e. they emit less carbon than the 
energy products they displace, but only NGCC-CCS and 
plants with CCS and a biomass co-feed have GHGI values low enough to achieve greater than 80% emissions reduction. 
Only the two biomass co-fed systems have both low GHGI and high GHGA. 
3. Cost analysis 
Our process simulation results provide equipment sizing, on the basis of which we estimate installed capital costs
assuming commercially-mature Nth plants. Costs are developed for each sub-unit in all major plant areas using a cost 
database developed from literature studies and discussions with industry experts. We express costs in 2007 dollars using 
the Chemical Engineering Plant Cost Index to capture the high escalation rates observed in engineering and 
construction costs beginning early in this decade. Our detailed and consistent framework throughout [8] lends 
confidence to our plant cost estimates relative to one another. Where possible we have also compared our absolute cost 
estimates with independent cost estimates circa 2007 and found reasonably good agreement.4
Table 1
Table 2 shows our capital 
cost estimates for the plants described in .
Since electricity accounts for 32% to 47% of the energy output from plants with OT designs (Table 1), it is 
relevant to consider these plants as electricity generators and analyze their economics in comparison with stand-
alone electricity generation technologies. Components of the levelized costs of electricity (LCOE), estimated 
using financial and other parameter assumptions as in Table 3, are shown in the lower part of Table 2 for the OT 
plant designs.  Natural gas is the dominant cost for the GTL plants, while gas and capital charges contribute 
comparably to the LCOE for the GBTL plants.  In all cases, the credit for FTL sales is significant.
Recall that objectives of this work were to assess whether the economic dispatch competitiveness of natural gas 
power generation can be increased and the GHG emissions price needed to induce CCS for natural gas power 
generation decreased via GBTL-OT-CCS.
4 For example, Simbeck [11] has estimated a total installed plant cost for a GTL plant producing 34,000 bbl/day of FTL output. His 
estimate (escalated to 2007$ using Chemical Engineering Plant Cost Index) is $1.3 billion. His design is similar (though not 
identical) to our GTL-RC-V design. Using our cost estimating framework, we can scale our cost estimate for the GTL-RC-V to 
estimate the output for a plant producing 34,000 bbl/d of liquids.  This yields a total installed plant cost of $1.5 billion, or 15% higher 
than Simbeck’s estimate. 
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Figure 6 shows MDC 
values for GBTL-OT-CCS 
systems for different crude 
oil prices. With the oil price 
at the level prevailing at the 
time of this writing (~75 
$/bbl), the GBTL system 
will out-compete in 
economic dispatch all stand-
alone coal power generation
technologies shown in Fig. 6 
at GHG emissions prices
above ~$22/tCO2eq. At a
crude oil price of $100/bbl, a 
level projected by the US 
Energy Information 
Administration for the period 2016-2035 (see Table 3, note c), GBTL will out-compete all systems except CBTL-
OT-CCS. Thus it appears that GBTL-OT-CCS systems will be able to defend high capacity factors in economic 
dispatch against most conventional coal plants with modest GHG emission prices and so would be able to drive 
down the capacity factors of competing systems as deployment of these co-production technologies on electric 
grids increases.
With this finding in mind, Figure 7 plots the LCOE for GBTL-OT and GTL-OT as a function of GHG emissions 
price, compared with the LCOE of other technologies. In Fig. 7a it is seen that CCS can be induced at a lower 
GHG emissions price for GBTL-OT and GTL-OT (70 and 75 $/tCO2eq, respectively, at an oil price of $75/bbl) 
than for stand-alone NGCC power ($88/tCO2eq). The breakeven GHG emission prices are lower still when the oil 
price is $100/bbl (Figure 7b). However, regardless of the oil price, the LCOE of GBTL-OT-CCS is significantly 
higher than that of CBTL-OT-CCS for the assumed coal and gas prices. For a gas price less than $4.5/GJ or a coal 
price higher than $3.9/GJ, the LCOE for GBTL-OT-CSS will match that for CBTL-OT-CCS at any GHG emission 
price for either of the oil prices shown in Fig. 7.
Table 2. Cost estimates for plant designs considered in this paper. 
 GTL-RC-V GTL-RC-CCS GTL-OT-V GTL-OT-CCS GBTL-OT-V GBTL-OT-CCS 
NG input rate, MW HHV 1,102 1,102 1,102 1,102 1,102 1,102 
Biomass input rate, MW HHV 0 0 0 0 570 570 
Liquids production rate, MW LHV 556 556 311 311 534 534 
bbl/day crude oil products displaced 8,760 8,760 4,894 4,894 8,412 8,412 
Net electricity exports, MW 65 59 272 235 332 259 
Plant Capital Costs, million 2007$  
 Air separation unit + O2/N2 compressors 116 116 125 125 201 155 
 Biomass handling, gasification, gas cleanup 0 0 0 0 273 273 
 NG handling, ATR 61 61 55 55 79 79 
 Water gas shift, acid gas removal 16 32 110 136 140 180 
 CO2 compression 3 6 0 13 0 19 
 F-T synthesis & refining 223 223 133 121 185 184 
 Naphtha upgrading  29 29 20 20 28 28 
 Power island gas turbine 0 0 72 73 82 84 
 Heat recovery and steam cycle 78 81 132 138 136 146 
Total plant cost (TPC), million 2007$ 526 548 646 682 1,124 1,149 
Specific TPC, $ per bbl/day 60,020 62,577 132,092 139,336 133,654 136,615 
Electricity cost ($/MWh) at $0/tCO2  
  Capital charges 
Not 
Estimated 
46.5 56.8 66.3 86.7 
  O&M charges 12.1 14.7 17.2 22.5 
  NG (@ $6.35/GJHHV) 92.8 107.3 76.0 97.3 
  Biomass (@ $5/GJHHV; $94/tonne, dry) 0 0 30.9 39.6 
  CO2 transport and storage
a  0 4.6 0.00 6.8 
  FTL sales (at 75 $/bbl oil) -65.0 -75.2 -91.5 -117.1 
  Net Electricity cost, $/MWh 86.4 108.2 98.9 135.7 
  Fuel sales (at 100 $/bbl oil) -83.8 -96.9 -117.9 -151.0 
  Net Electricity cost, $/MWh 67.6 86.5 72.5 101.9 
(a) The cost for CO2 compression to 150 bar is included in the plant capital and operating costs.  The CO2 is assumed to be transported 100 km 
for storage in a deep saline formation 2 km underground. Transport and storage costs per tonne of CO2 were estimated using a model for 
CO2 transmission and storage developed by Ogden
4,5
Table 3. Feedstock prices and financial assumptions adopted here.
a
that takes into account various non-linear variations in costs with scale and distance.
Levelized coal price to US average coal power generator, 2016-2035 ($/GJHHV)
b 1.86 
Levelized natural gas price to US average natural gas power generator, 2016-2035 ($/GJHHV)
b 6.35 
Price of biomass delivered to conversion plants ($/GJHHV) 5.0 
Annual average capacity factor for FTL-producing plants (%) 90 
Annual average capacity factor for power-only plants (%) 85 
Assumed economic life of energy conversion plants (years) 20 
IDC [interest during construction = fraction of total plant cost (TPC or overnight plant capital)] 0.0716 
Annual capital charge rate applied to [ TPC*(1 + IDC) ] , fraction 0.1422 
Annual O&M costs (% of TPC or overnight plant capital) 4.0 
Approximate crude oil price at time of writing this paper ($ per bbl) 75 
Levelized crude oil price ($ per bbl) with zero GHG emissions price, 2016-2035 ($/barrel)c 100 
(a) Unless otherwise indicated, see Kreutz, et al [5] for details and sources of the values in this table.
(b) These are fossil fuel prices to average power generators in the U.S. in 2007 dollars levelized over the 
period 2016-2035 (assuming a 7% discount rate), based on Reference Scenario projection by the 
Energy Information Administration [14].
(c) This is the crude oil price at a zero GHG emissions price in $2007/bbl levelled over the period 2016-
2035 (7% discount rate), based on Reference Scenario of the Energy Information Administration [14]. 
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4. Summary and Conclusions
This analysis indicates a synergism when natural gas and biomass are co-processed to make electricity with a FTL 
coproduct, making it feasible to address simultaneously, with modest GHG emission prices (and expensive biomass and 
natural gas), climate concerns for both transportation and electricity. The economic performances of gas/biomass 
coproduction systems with CCS under a carbon mitigation policy look especially attractive when they are evaluated as 
electricity generators largely because: (i) the CO2 capture costs are much less than CO2 capture at stand-alone power 
plants, (ii) the credit for the FTL coproduct is significant at plausible future crude oil prices, and (iii) the addition of 
biomass provides strongly negative GHG emissions. Gas/biomass systems can improve the economics for decarbonized 
natural gas power, but they are not able to compete with coal/biomass co-production systems with CCS unless the gas 
price is lower or the coal price is higher than considered here. On the other hand, total capital investments per plant may 
be more manageable for gas/biomass than for coal/biomass systems.
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Figure 6.  MDCs for GBTL-OT-CCS at 3 crude oil prices and for alternative stand-alone power systems. See Table 3 for fuel price 
and other assumptions, and see Appendix. 
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Figure 7. Levelized cost of electricity generation vs. GHG emissions price. For the NGCC plants, the assumed gas price is 
$6.35/GJHHV. The revenue for FTL products is assumed to be the same as the cost (including cost of carbon emissions) for 
making an equivalent amount (LHV basis) of diesel and gasoline from crude oil purchased at the indicated oil prices.
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Appendix: Performance and cost estimates for NGCC without and with CCS [9].
 NGCC-V NGCC-CCS PC-V PC-CCS IGCC-CCS 
Natural gas input, tonne/day (MWHHV) 1,798 (1,102) 1,798 (1,102) 0 0 0 
Coal input, as-received t/d (MWHHV) 0 0 4,477 (1,405) 6,386 (2,004) 5,447 (1,709) 
Gross electricity production, MW 570.2 520.1 580.3 663.4 745 
Net electricity output, MW 560.4 481.9 550.2 546 556 
  Efficiency (HHV) 56.4% 48.5% 39.2% 27.2% 32.5% 
CO2 vented, tonne/hr 203.3 20.3 435.7 62.9 50.9 
CO2 stored, tonne/hr 0.0 183.0 0 558.7 468.7 
Lifecycle GHG emissions, kgCO2eq/MWh 420.8 109.6 830.5 170.5 137.9 
Total plant cost (TPC), million $a 321 583 894 1617 1370 
Specific TCP, $/kWe 572 1,209 1625 2961 2466 
Levelized Cost of Electricity ($/MWh)      
Installed capital (at 14.38% of TPI) 11.8 25.0 33.6 61.3 51.0 
O&Mb 3.1 6.5 5.01 9.36 8.09 
NG (at 6.36 $/GJ, HHV) 42.5 49.4 0 0 0 
Coal (at 1.86 $/GJ, HHV) 0 0 17.1 24.6 20.6 
CO2 transportation and storage 0.0 3.5 0 6.45 5.61 
Total cost of electricity, $/MWh 57.4 84.4 55.7 101.7 85.3 
(a) Original estimate escalated from beginning-2007 $ to mid-2007 US dollars using the Chemical Engineering Plant Cost Index.
(b) For NGCC, PC and IGCC plants, data from [9]; for GTL, GBTL and CBTL plants, assume O&M is 4% of TPC per yr.
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